Molecular dynamics (MD) simulations using a graphics processing unit (GPU) has been employed in order to determine the conformational space of the methane-thiosulfonate spin label (MTSL) attached to the activation loop of the Aurora-A kinase protein and compared with quantum mechanical (QM) methods rooted on density functional theory (DFT). MD provided a wealth of information about interactions between the MTSL and the residues of the protein and on the different motional contributions to the overall dynamics of the MTSL.
Introduction
Electron paramagnetic resonance (EPR) spectroscopy combined with site directed spin labelling (SDSL) is technique widely employed to investigate structural properties and dynamical processes of biological systems. [1] [2] This has led to valuable information on many proteins such as 4T lysozyme, 3 ABC-transporters, 4 -synuclein, 5 bacteriorhodopsin, 6 SNARE 7 and NavMs. 8 Singly labelled proteins reveal a wealth of information about the tumbling and diffusion properties as well of internal motions of proteins using analysis of the continuous-wave (CW) EPR lineshape. [9] [10] A common spin label employed to study structural and dynamic properties of biomolecules through EPR spectroscopy is the MTSL spin label.
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The relationship between EPR lineshape and the underlying protein dynamics is not without ambiguities due to the large number of variables that can affect the EPR magnetic parameters (g-and A-tensors) and processes that produce nitroxide reorientation in protein environment.
In order to provide a realistic interpretation of the CW EPR spectrum of the spin labelled systems, a description of the dynamics of the MTSL spin label in the protein environment and the effect of the protein tumbling on it has to be found. In the recent literature there are several computational approaches to determine the conformational space and dynamics of the MTSL spin label and subsequently simulate the EPR spectrum. Some approaches are based on Brownian Dynamics (BD) and Molecular Dynamics (MD) methods [12] [13] to generate stochastic dynamical trajectories of the spin label in the full protein environment.
Brownian trajectories can be obtained using two simple models introduced by Robinson and co-workers 14 and is based on a two states jumps (TSJ) model that describes spin hopping between two positions in a lattice and the isotropic rotational Brownian diffusion (IRD) model that describes the isotropic rotation of the molecule in which trajectories are generated by a discretized form of the Fokker-Plank (FP) diffusion equation. In these two approaches the stochastic evolution of the system in time is based on kinetic Monte Carlo algorithms or more recent quaternion-based Monte Carlo algorithms. 15 Another method based on the Brownian Dynamics method was developed by Steinhoff and co-workers 16 and employs the Langevin equation to generate Brownian Dynamics (BD) trajectories from which Larmor frequencies and magnetization trajectories are subsequently calculated. The EPR spectrum is then obtained from the Fourier-Laplace transform of the magnetization trajectories.
Stochastic dynamical trajectories can be obtained also using MD simulations with accurate parameterization of the force fields, appropriate water models and considerations of the decay of the re-orientational auto-correlation function of the spin labelled system. [12] [13] Another approach was developed by Budil and co-workers 17 20 , and parallel tempering (PT) that have been developed to improve sampling and kinetic information, however the force field is not parametrized to capture energetics of the interactions. Approaches to simulate the EPR spectra directly from BD or MD are based on a single a single truncated dynamical trajectory generated until the point when correlation function of rotational dynamic of the MTSL is completely relaxed. [21] [22] There are also integrated computational approaches (ICA) that links a quantum mechanical (QM) method rooted on density functional theory (DFT) to the stochastic Liouville equation SLE-equation in the FP form. A similar approach was used to calculate the CW EPR spectra of free radicals in their environments [23] [24] [25] and to study the structure and dynamics of the MTSL side chain in protein systems, such as 4T lysozyme. [26] [27] The models produced were in good agreement with experimental data with a reasonable computational cost [28] [29] [30] and consistent with data obtained by MD simulations. [31] [32] In these approaches QM methods were used to determine EPR parameters (g-and A-tensors) using coarse grained methods to hydrodynamic model of the diffusion tensor 33 that are input of the SLE equation for the calculation of the CW EPR spectra. 25, 34 There are also computationally inexpensive approaches that can be used to predict the distribution of the conformations of the spin labels and distances between spinlabelled sites, such as MMM, 35 PRONOX 36 and MtsslWizard 37 .
In this work we use a MD/QM approach to investigate the relationship between the solution state CW EPR lineshape and the dynamics of the spin labelled activation loop of Aurora-A kinase. We introduced MTSL into the activation loop of Aurora-A kinase at residue 288. To allow this modification, the wild-type residue, threonine at position 288 was mutated to cysteine. The Aurora-A kinase is a Serine/Threonine protein kinase that regulates mitotic entry, centrosome maturation and bipolar spindle assembly and is overexpressed in a number of cancers including breast, colorectal, ovarian, and glioma. [38] [39] Kinase activity is tightly regulated by conformational changes in a conserved region of the protein known as the 4 activation loop upon phosphorylation and binding of the activator protein Targeting Protein   for Xklp2 (TPX2) . [40] [41] The conformation of the activation loop may also be influenced by the binding of inhibitors to the active site of Aurora-A and, in the case of the potent and selective inhibitor MLN8054, the position of the activation loop main chain is moved by up to 19 Å. 42 The understanding of kinase structure is mostly based on protein crystallography, which is limited by the requirement to trap the molecules within a crystal lattice. [43] [44] [45] Therefore, studies of kinase activation, through characterisation of activation loop conformations in solution, are important to enhance the understanding of molecular processes related to diseases and to support the discovery of small molecule kinase inhibitors.
In this work we provide insight about the coupling between the motions of the MTSL spin label and loop and then a realistic picture of the main conformational states of the MTSL in the loop environment through the comparison between experimental and theoretical CW EPR spectra at 295 K using opportunely selected frames from the MD simulation. A QM method rooted on the DFT was employed to find the minima of the torsional energy profiles of the dihedral angles of the MTSL and determine the energy barriers in order to extract a limited number of rotamers at the minima. Subsequently, the MD simulations of appropriate length were performed in order to study the dynamics of the MTSL label in the full protein environment. The quality of the sampling was assessed comparing the structures determined at the minima of the torsional profiles with the structures determined from the MD simulation. Comparisons between the root mean square deviations (RMSD) of the loop and of the MTSL and the evolution of the dihedral angles of the MTSL were made to find the correlations between their dynamics. The analysis of the auto-correlation function was used to determine the different motional contributions to the overall dynamics of the MTSL.
Subsequently, number of trajectories were chosen in different environments of the protein and used for calculation of the relevant EPR parameters (g-and A-tensors) and then CW EPR spectrum at 295 K of the spin-labelled Aurora-A kinase protein.
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Methods
Force field parameterization of the MTSL side chain
The latest AMBER force field 46 (ff14SB), recommended for the study of protein dynamics was extended in order to perform MD calculations with AMBER 2015. 47 The structure of the MTSL side chain was firstly optimized with the B3LYP hybrid functional using the 6-31G(d) basis set. This level of theory was used since it provided accurate experimental geometries of the MTSL spin label 31 in previous work. Subsequently, in order to reproduce the electrostatic potential and hydrogen-bonding properties of the MTSL side chain, the atom-centred point charges were calculated with HF/6-31G(d) as the level of theory using Gaussian09 revision d.01. 48 , this level of theory was chosen since it is the most appropriate to interface AMBER 2015. Finally, the electrostatic potential was calculated using the restrained electrostatic potential (RESP) procedure 49 . The atom types and charges used to extend the AMBER force field to the MTSL side chain were seen to be comparable with those reported in literature. 28 
Details of the MD simulation
The MD simulations were carried out on the MTSL spin labelled Aurora-A kinase protein, using the X-ray refined structure of the Aurora-A kinase domain (residues 122-403; PDB 4CEG 50 with a resolution of 2.10 Å and R-value of 0.202) using AMBER 15 package with the ff14SB protein force field. The pdb file was edited in the website WHATIF 51 to mutate the native Threonine-288 to cysteine. Alanine substitutions were made at residues T287, C290 and C393 in order to produce a structure model similar to the experimentally studied protein. The missing crystallographic hydrogens and the MTSL were added to using the LEaP module AMBER. The protein was solvated using the Extended Simple Point Charge (SPC/E) water model, in explicit water (9721 molecules) in a truncated octahedral box with a buffer of 12 Å between the protein atoms and the edge of the box. This water model was chosen since it was shown to predict viscosities and diffusion constants close to experimental data 52 and reproduce crystallographic water positions better than the commonly used Transferable Intermolecular Potential 3 Point (TIP3P) water model 53 that reproduced viscosities far from the experimental data. The MD simulation was performed in three 6 main steps, minimization, equilibration and production. Firstly, a short energy minimization was performed in two steps in order to clean the structure and to remove bad contacts using the Simulated Annealing with NMR-derived Energy Restraints (SANDER) module of AMBER. Three chloride ions were used to neutralize the net charge. In the first stage, only the water molecules and counter ions were relaxed with 200 cycles of minimization, in the second step, the entire system as a whole was relaxed with 1000 cycles of minimization.
Subsequently, the system was heated at constant volume for 20 ps from 10 K to 300 K with 10 kcal/mol weak restraints on the protein. This process was followed by two equilibration steps, the first was performed at constant pressure (1 atm) and temperature (300 K) for 200 ps with no restraints and the second was performed in a microcanonical (NVE) ensemble for 1 ns. The production step was performed in the NVE ensemble for over 40 ns since transitions between rotamers occur on a time scale of ns and in order to get the auto-correlation function of rotational dynamic of the MTSL side chain completely relaxed. [12] [13] [53] [54] [55] All the calculations were performed using 1 fs integration time step and trajectory snapshots were collected every 2 ps. The NVE ensemble was used since the interest of this work is on the dynamics of the system that would be perturbed by the use of a thermostat. The dynamical long-range electrostatic interactions were treated using a Particle mesh Ewald (PME) algorithm with default parameters and a 10 Å cut-off Lennard-Jones and electrostatic interactions was used. 
Details of the QM calculations
A small unit peptide was extracted from the structure of the Aurora-A kinase activation loop obtained after the full process of equilibration. Figure 1 shows the structure of the MTSL spin labelled Aurora-A kinase and the unit peptide extracted (black circle). In order to provide reliable reproductions of the equilibrium geometries of the rotamers, the energy torsional profiles ( ) were calculated by performing relaxed scans in thirty-seven steps of 10° with B3LYP hybrid functional [56] [57] and the 6-31G(d) basis set 58 in gas phase around each dihedral angle ( 1 , 2 , 3 , 4 and 5 ) of the MTSL side chain using the unit peptide shown in Figure 1 . The same model system used also in previous works. 26, 31, 59 The ab initio relaxed scans were performed using the opt = modredundant keyword in Gaussian 09 that fixes coordinates but optimises or relaxes the other atoms.
These scans helped to identify the minima of the torsional energy profiles of all the five dihedral angles. 
Details of the calculation of the EPR parameters (g-and A-tensors)
The EPR parameters were calculated using the Gauge-Independent Atomic Orbital (GIAO) 60 method and the B3LYP hybrid functional and the latest N07D basis set that has been already used with success for accurate magnetic tensors (△g ii = ±0.0005, △A ii = ±1 G)
in gas phase and in solution of nitroxide radicals at a reasonable computational cost 12,61-62 and can downloaded from the DREAMSLAB website 63 . The Polarized Continuum Model (PCM) was used to describe solvation in water since the experimental EPR spectrum was measured in water [64] [65] . The slow-motion regime EPR spectra were calculated using the open source Freed and co-workers [70] [71] [72] [73] for the calculation of the slow motion and rigid limit spectra.
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Experimental section
The expression construct for Aurora-A 122-403 T287A, T288C, C290A, C393A was produced in earlier work for recombinant expression of the protein in E. coli with a Nterminal TEV cleavable His 6 -tag. 41 Expression and purification of the kinase was carried out as stated in with the following modifications. 76 After TEV cleavage and affinity chromatography to remove the His 6 -tag and His 6 -tagged TEV, 5 mM DTT was added to Aurora-A containing fractions and left to incubate overnight at 4 C to ensure C288 was in the reduced form to allow subsequent modification with MTSL. The T287A, T288C, C290A, C393A was used for CW EPR studies. 9 GHz measurements were 9 performed using a Bruker Micro EMX spectrometer at 295 K, the modulation frequency was set at 100 KHz and the microwave power at 2.0 mW. The spin labelling efficiency was equal to 86% and measured following previous published procedure. 77 
Results and discussion
Conformational analysis of the MTSL side chain from QM calculations
In order to provide reliable reproductions of the geometry of the rotamers, torsional energy profiles ( ) ( ) for all five of the dihedral angles of the MTSL side chain were computed using the subsystems shown in Figure 2 . (D) and 5 (E) dihedral angles. The MTSL side chain was gradually built by adding atoms to the unit peptide.
The MTSL side chain was gradually built in by adding atoms to the C α atom of the CH 3 -CO-NH-C α -CO-NH-CH 3 fragment extracted from the minimized and equilibrated structure of the Aurora-A kinase domain in which the Cartesian coordinates of the peptide atoms were kept fixed in the configuration obtained after the previous scan. The relaxed scans were performed following the strategy shown in Figure 3 , the energy minima of the +1 dihedral angle were determined at the minima of the dihedral angle. The first relaxed scan was performed around 1 and three minima at -160°, -60° and +60° were found, subsequently the energy torsional profile was calculated around 2 at the minima of 1 and two minima, one broad between -160° and -120° and another at +80° were found for 1 = -160° and +60°. Three minima (-160°, -70° and +80°) were found for 1 = -60°. The relaxed scan around 3 was performed the minima of 2 and two minima ±90° for all the possible combination of 1 and 2 were found. Three minima ±70° and 180° were found in all the torsional profiles of 4 , the torsional profile of 5 showed minima depending on the values of 4 .
The first torsional energy profile of the dihedral angle, 1 was obtained by performing relaxed scans in the range from -180° to +180°, considering the rotation of the C α -C β H 2 group attached to the CH 3 -CO-NH-C α H-CO-NH-CH 3 fragment. The torsional energy profile showed three minima at the values of -160°, -60°, +60° and 180° (Fig. 4A ). protein backbone. The first torsional profile ( Figure 4A) , (1) ( 1 ) showed three broad minima and two transitions between -160°↔-60° and -60°↔+60° were separated by energy barrier of ∼ 3 kcal/mol and ∼ 5 kcal/mol, respectively. These energy barriers are somewhat small and transitions between them are expected to occur frequently. Subsequently, the (2) ( 2 ) torsional profiles were calculated considering the rotation around the C β H 2 -S γ group attached to the C α atom of the CH 3 -NH-CO-C α H-NH-CO-CH 3 fragment. The 1 dihedral angle was kept fixed at -160°, -60° and +50° where they were found to be minima in the previous scan. In the calculated (2) ( 2 ) torsional profiles ( Figure 4B ) energy barriers of ∼1-2 kcal/mol between -120°↔+80° for 1 equal to -160° and +60°, and -160°↔ -70° and -160 ↔ +80° for 1 equal to -60° were observed. These transitions were expected to occur very frequently since separated by very small energy barriers, but should occur very rarely considering the electrostatic interactions between the S sulphur atom and the protein backbone. The torsional profiles about 3 were calculated at all these minima keeping the 1 and 2 dihedral angles fixed at the selected values showed in Figure 4C . For the calculation of the (3) ( 3 ) torsional profiles, the rotation around the C β H 2 S γ -S δ CH 2 group attached the C α atom of the CH 3 -NH-CO-C α H-NH-CO-CH 3 fragment was considered.
Similar energy torsional profiles and two minima at ±90° separated by somewhat high energy barrier of ∼ 14 kcal/mol were found for The S γ atom was seen to interact with the NH group for 1 = -160° at 2 = -120° ( Figure 5A ), +80° ( Figure 5B ) and for 1 = -60° at 2 = -160° ( Figure 5C ). The conformation at 1 = -60°, 2 = -70° and 3 = +90° was stabilized by two short electrostatic interactions between the S δ atom of the MTSL chain and the C α H group in the fragment, and the CH 2 group and the CO group ( Figure 5D ). The S δ atom was seen to interact with the NH group for 1 = -60° and 2 = +80° ( Figure 5E ). Conformation at 1 = +60°, 2 = -120° and +80° and 3 = ±90° (Figures 5F and G) were stabilized by interactions between the S γ atom of the MTSL the NH group of the protein backbone. The remaining (4) ( 4 ) and (5) ( 5 ) torsional profiles ( Figure 4D, E between -90° to +90° due to a clash between one of the methyl groups of the pyrrolidine nitroxide ring and the C β carbon of the MTSL chain for angles over this range. The shape of the torsional profiles obtained in this work is similar to those seen in α-helices and values of the minima were found to be slightly different, 26, 59 indicating the protein backbone does not influence much the torsional profiles.
After calculation of the torsional energy profiles for all the five dihedral angles in the unit peptide model, a population of 76 conformations was found at the minima of the torsional energy profiles. These conformations were then built into a larger region of the structure of Aurora-A kinase protein obtained after the minimization and equilibration procedure and it was observed that 38 structures out of 76 clashed with the protein backbone (i.e. when the distance between a pair of atoms was shorter than the 75% of the sum of their van der Waals radii). 26, 31, 78 The torsional profiles showed low energy barriers from 1 kcal/mol to ~20 kcal/mol and isoenergetic minima that indicate that the rotamer population will be fully sampled at room temperature and conformational states are expected to be obtained in the same amount. Figure 6 shows the potential energy surface determined from the MD simulations on the full spin-labelled Aurora-A kinase protein. A comparison between the torsional energy profiles (Figure 4 ) and the potential energy surfaces ( Figure 6 ) revealed that the values of the minima determined by QM calculations were well reproduced by MD simulations. Three minima were found in the torsional profile of 1 corresponding to -160°,-60° and +60° (Figure 4 A) and same three minima were found in the potential energy surfaces (Figure 6 A) from which also the minima of 2 were confirmed and so on for 3 , 4 and 5 . A difference found comparing the torsional profiles and the potential energy surfaces is that the minima ±60° of 1 that are isorenergetic in the torsional profile have different energy in 1 -2 potential energy surface, the energy of -60° is 16 much higher, indicating that conformations with 1 =-60° are not favourable states in the full protein environments, probably due clashes with the protein backbone. Figure 7 shows the free energy surfaces of the -+1 dihedral angles. It was observed that the difference in free energy between high (black) and low (white) energy regions is very low ~2.82 kcal/mol, hence the rotamer population is expected to be fully sampled at room temperature, in according to the results observed from QM calculations.
Conformational dynamics of the MTSL spin label attached to Aurora-A kinase activation loop using MD
In order to establish a relationship between the evolution of the dihedral angles of the MTSL in time and loop motions, a comparison between the RMSDs to the starting structure of the MTSL and the loop (residues from 274 to 299) was carried out. In Figure 8 
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As expected, slower transitions of 1 , 2 and 3 were observed since they are separated by higher energy barriers, while the fourth 4 and fifth 5 undergo rapid transitions due to the low energy barriers separating the conformational minima.
As observed in previous works often transitions appear to be coupled, like for example the transition between 4 and 5 from 1 ns to 5 ns and the transition that simultaneously occurred around all the five dihedral angles from 18 ns to 20 ns. Figure 9 shows transitions of Table 1 shows speeds and the total time used for running all the torsional profiles showed in Figure 4 and the MD simulation. Table 1 : Timings used to run the QM calculations the torsional profiles using subsystems showed in Figure 2 represent the initial trajectories and the blue points represent the final trajectories in each snapshot, the colour evolution goes from red to pink, from pink to white, from white to violet and from violet to blue. Figure 10A shows the distribution of the NO group confined in five well-defined families of trajectories generated by librational motion. This region corresponded to the region A of Figure 10B and C. It was observed that the MTSL was randomly oriented in the space around the loop, rates of exchange and probability to find it in a specific region instead of another seemed to depend very much on the dynamics of the system and on the position of the starting trajectories.
Auto-correlation function analysis
The analysis of the auto-correlation function of the full MTSL spin label revealed that two correlation times could be extracted using a bi-exponential fit (data not shown), one corresponding to fast librational motions around one single rotameric mode (~50 ps) and the another corresponding to transitions between modes (~5-7 ns), in accordance to Figure 9 and found in previous works. 13 If also the contribution of the tumbling of the protein is included, a correlation times over from 10 ns can be extracted that is very close to the correlation time of the exchange between rotamers. During the course of the MD simulations the MTSL was 24 seen to explore several regions around the loop and interacting with several groups of the protein, in order to simulate the EPR spectrum a number of frames were extracted from the MD simulation to study the effect on the EPR spectrum of the different interactions.
Computation of g-and A-tensors and comparison between theoretical and experimental CW EPR spectrum at 295 K
No detectable changes were observed in the CW EPR spectra of the rotamers with different geometry, indicating that the geometry of the side chain has no effect on the spin density of the nitroxide group (data not shown). Detectable changes in the EPR spectra of different conformations of the MTSL interacting with different groups of the protein during the course of the MD simulation were observed. Figure 11 shows the comparison between experimental and theoretical EPR spectra calculated from opportunely chosen frames where the green MTSL is interacting with the NH and CO groups of the -helix in front of the loop, the red MTSL is just exposed to the solvent water, the orange MTSL is interacting with NH and CO groups of loop itself, the grey MTSL is interacting with a glycine 209, the pink MTSL is interacting with a glycine and with a tyrosine 208 at the same time and the blue MTSL is interacting with the tyrosine residue.
The EPR parameters (g-and A-tensors) were calculated with B3LYP/N07D using these structures. The EPR spectra were calculated in Spinach using the Fokker-Planck formalism that generated spatial rotations or rotational diffusion of the spin system (hence other conformations) from the starting Cartesian coordinates obtained from the selected frames.
The comparison between the experimental 9 GHz EPR spectrum of the Aurora-A kinase protein at 295 K (black line) and the theoretical EPR spectra (coloured lines) are shown in Fits corresponding to the A, C and F EPR spectra reproduced experimental spectra quite well, especially the blue line. Fits with the B, D and E spectra are quite far from the 26 experimental spectra, probably due to the fact that these are not very populated states. Similar spectra arose from other frames describing similar interactions. The EPR spectra were calculated considering isotropic rotational diffusion was considered since the diffusion tensor of the MTSL determined from MD, calculated single value decomposition (SVD) following previous works, 52 was seen to be isotropic with diagonal terms equal to = = = 1.97x10 -4 m 2 s -1 . All the theoretical spectra were simulated using just one component, the possibility to fit similar spectra was also proved in previous works.
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The 9 GHz EPR spectra of MTSL spin-labelled protein are mainly affected by the slow global tumbling of the protein, while fast motions are averaged out, 79 fits showed in Figure   11 seem to be in good agreement with this. Improvements in the fits can be obtained including fast-motion sharp lineshapes arising from the exchange between rotamers ~5-7 ns and the contribution of the 14% of free MTSL (data not shown). The experimental EPR spectrum can be interpreted through conformational states of the spin-labelled protein represented by the MTSL interacting with the -helix ( Figure 11A ), exposed to the solvent ( Figure 11C ) and interacting with the tyrosine residue ( Figure 11F ) are predominant in the full conformation ensemble, in accordance to that was observed from MD simulation ( Figure   10 ). However in order to provide a more firm conclusion further experiments at different temperatures and frequencies are required, this work in currently in progress in our lab. The different EPR spectra that arose from the different configurations of the MTSL in the loop environment, found in this work, indicated that it is important to develop a method that not only describes the dynamics of the g-tensor frame with respect to the inertial frame or laboratory frame, like done in some previous works, [12] [13] but consider also the differences in the g-and A-tensors arising from the different contacts between the MTSL and the groups of the protein. This represents a more complex situation that is currently under investigation in our lab. The purpose of this research is to develop a theoretical methodology that associated with experiments can provide a univocal, consistent and general way for the interpretation of the EPR spectra of biological systems attributing a physical meaning to parameters included in it, easy to apply by a broader community without any over parameterization.
Conclusion
This work described the advantages of running MD simulations on GPU in order to provide a better description of the conformational space of the MTSL in the full protein environment and in a shorter time as compared with QM methods. Conformational states of the MTSL obtained from MD simulations were seen to be in good agreement with those obtained from QM calculations with the advantage of considering the dynamics of the full system that revealed interactions between the MTSL and residues of the protein not detectable on a "static" structure. This finding turned to be very important for the description of the experimental 9 GHz EPR spectrum at room temperature showed that some conformations can comparison between theoretical and experimental EPR spectra revealed good agreements in some cases, indicating that some conformational states are more favourite than other. This detailed protocol can be easily applied to other spin and/or biological system to test a broad applicability and a possible advantage could be that a realistic picture of the MTSL in the Aurora-A kinase protein was provided in a relative simple way using publically available software without over parametrizations.
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Future works
The work currently in progress is focused on EPR experiments at different frequency and temperatures and simultaneously deeper studies of the rotational and translational diffusion properties related to the overall global tumbling of the spin-labelled Aurora-A kinase are on going in order to confirm and findings reported above. In addition longer MD simulation can be performed to study conformational changes of the loop on longer time scales and studies of the cross correlation between the RMSD and the evolution of the dihedral angles can be performed to get a better understanding of the of the most stable structures in large ensemble. 
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